Introduction: The present study aimed to investigate the effect of Enterococcus faecium EF55 on chickens, as well as its influence on proliferative activity of epithelial intestinal cells after infection with Salmonella enterica serovar Enteritidis phage type 4 (SE PT4). Moreover, the length and area of duodenal and jejunal villi of the birds were examined. Material and Methods: A pool of 80 birds was divided randomly into four groups. Probiotic group (EF) and Salmonella + probiotic group (EFSE) received E. faecium EF55 (10 9 CFU -3 g per group/day) during 22 d. Salmonella group (SE) and EFSE group were infected with Salmonella Enteritidis PT4 (10 8 CFU in 0.2 mL PBS) in a single dose per os on day four of the experiment, whereas control birds (C group) received only 0.2 mL of PBS on that day. Samples were taken on the 4 th and 18 th day post infection. Results: Supplementation of feed with E. faecium EF 55 confirmed its selective antibacterial activity against SE PT4. The chickens infected with SE PT4 and fed E. faecium EF55 supplemented diet showed increased proliferative activity of enterocytes in the jejunum in both samplings. Applied probiotic strain demonstrated positive impact on intestinal morphometry in the jejunum of both non-infected groups and in Salmonella-infected chickens. In the latter group, the beneficial effect of E. faecium EF 55 was manifested by more efficient tissue turnover in the jejunum.
Introduction
Salmonellosis is one of the most prevalent zoonoses in the world. The disease is spread through the digestive tract after per os infection. Several representatives of the Salmonella genus are responsible for morphological alteration in intestinal mucosa. One of the positive properties of some probiotic microbiota including E. faecium EF55 is their antimicrobial effect due to the production of bacteriocins and competitive exclusion of pathogenic bacteria on the mucosal surface (7, 13) .
The nutritional value of diets used to feed chickens has traditionally been evaluated by growth performance and nutrient digestibility. Furthermore, the direct correlation between morphology of the intestine, digestion, and absorption efficiency is well documented (16) . Enterocyte proliferation in the vertebrate small intestine is generally restricted to the crypts at the basis of the villi. The proliferation of enterocytes in chicken intestinal epithelium takes place not only in the villous crypts as in the case of mammals, but also along the villi (15) . In poultry the positive immunostaining of proliferating cell nuclear antigen (PCNA) indicates the proliferation of enterocytes both in the crypt and along the villi (15) .
In vivo, the inhibitory effect of E. faecium EF55 against different bacteria, including Salmonella Enteritidis was demonstrated in our previous study (8) . Recently, beneficial influence of EF55 strain on the production of intestinal mucin has been shown in chickens (9) . On the other hand, the effect of E. faecium EF 55 on intestinal morphology in birds infected with pathogenic bacteria is still not known. Therefore, the aim of this study was to clarify the effect of E. faecium EF55 on the proliferation activity of enterocytes and morphometric parameters of small intestine in chickens, after their experimental infection with Salmonella enterica serovar Enteritidis PT4.
Material and Methods

Animals.
A total of 80 one-day-old hybrid ISABrown female chicks were randomly divided into four equal groups. The chicks were kept in isolation in floor pens of 1 m 2 per group on wood shaving that was changed daily during the experiment. The pens were lit continuously. The temperature was maintained at a value required for the age of the birds (32C in week 1 and then reduced by about 2C weekly). Water and feed were available ad libitum.
The chicks were divided into four equal groups: C (control), SE (Salmonella enterica serovar Enteritidis phage type 4), EF (E. faecium EF55), EFSE (E. faecium EF55 + Salmonella Enteritidis PT4). The experimental procedure was as follows: C group (control) received placebo -0.2 mL of PBS on day four of the experiment, groups EF and EFSE received E. faecium EF55 (10 9 CFU -3 g per group/day) during 22 days, and groups SE and EFSE were infected with Salmonella enterica serovar Enteritidis PT4 (10 8 CFU in 0.2 mL of PBS) in a single dose per os on day 4 of the experiment. Chickens were anaesthetised with an intraperitoenal injection of xylazine (Rometar 2% SPOFA, Czech Republic) and ketamine (Narkamon 5%, SPOFA, Czech Republic) at doses of 0.6 mL and 0.7 mL/kg b.w., respectively. After laparotomy, blood was collected into heparinised tubes (10-20 U/ml in PBS, Zentiva, Czech Republic) by cardiac punction. The samples for serum were frozen and stored at -20ºC. During the following necropsy the samples for immunostaining against PCNA and for micromorphometric and microbiological analyses were collected (Table 2) . Faeces, caecum, and small intestine were sampled on day 9 (4 days post infection with SE PT4) and on day 22 (18 day post infection -dpi) of the experiment (Table 1) .
EF55 strain preparation, microbial counts. Experimental infection was performed using Salmonella enterica serovar Enteritidis phage type 4 (SE PT4, kindly provided by Dr. Spišák from the Institute of Veterinary Medicine, Brno, Czech Republic) in a single dose 10 8 CFU in 0.2 mL of PBS per os. Enterococcus faecium EF55, probiotic and bacteriocin-producing strain, was isolated and characterised in the Institute of Animal Physiology, Slovak Academy of Sciences, Košice, Slovakia (14) and was added to animals' diet of EF and EFSE groups in the dose 10 9 CFU/mL/ (3 g per group/day) for 22 days. Briefly, the strain was cultivated in MRS broth (Merck, Germany) at 37ºC to achieve final cells concentration of 10 9 per mL. Fifteen millilitres of the broth culture and 15 mL of freeze-dried milk Laktino (as protecting substance for dry freezing) were mixed and stored in the fridge at -60ºC for 24 h. Freezedrying was performed using MicroModulyo (Thermo, USA). To differentiate EF55 strain from the other enterococci, it was labelled by rifampicin (14) . Freezedrying was repeated to have enough mass for the experiment. Bacterial counts were determined by the standard microbiological method using selective media according to ISO. M-Enterococcus agar (Difco, USA) was used to enumerate enterococci. EF55 strain was counted on M-Enterococcus agar enriched with rifampicin (14) . It was also confirmed by PCR (17) . To detect the presence of Salmonella, the samples were pre-treated in Rappaport-Vassiliadis medium (Merck, Germany) and then spread on brilliant green agar (Becton and Dickinson, USA). The bacteria were cultivated at 37ºC for 24-48 h and expressed in CFU/g ± SD.
Proliferating cell nuclear antigen (PCNA) assay. Samples were taken from the cranial part of the jejunum on the 4 th and 18 th dpi, fixed in 10% neutral buffered formalin, and embedded in paraffin. PCNA immunostaining was carried out on the 5 µm tissue sections with commercial Animal Research Kit (ARK) according to the included protocol (DAKO, Denmark). The kit contained monoclonal mouse PCNA antibody (Clone PC 10, DAKO, Denmark) and all the necessary components (peroxidase block, streptavidin HRP, blocking reagent, biotinylation reagent, and DAB tablets). Negative controls were obtained by omitting the primary antibodies.
Quantification of positive cells in the jejunum. The cells in the jejunum were counted in the villus epithelium and lamina propria from the villus basal lamina (which coincides with the upper crypt end) toward the villus apex. Twenty appropriate areas were chosen at random from each of these sites. Measurements were taken under a light microscope at 400 × magnification. The positively stained cells within each randomly selected area were counted using a calibrated ocular graticule LTD 0.25 mm Id x Grd (Electronmicroscopy, UK). The appearance of positive enterocytes was expressed in numbers per square millimeter.
Morphometrical analysis. Dudoenal and jejunal samples (height and area of the villus) collected from five chickens on the 4 th and 18 th dpi were analysed. In order to measure the height and the areas of the villi, the samples were microphotographed (Nikon LABOPHOT 2 with a camera adapter DS Camera Control Unit DS-U2, 4×) and then the NIS-Elements version 3.0 softver (Laboratory Imaging, Czech Republic) was used. The heights of the villi were measured from the basal region, which corresponded to the higher section of the crypts, to the apex (µm). Total villus area included villus length and breadth (µm 2 ). The data were finally exported to MS Excel and subsequently statistically analysed by ANOVA with post-hoc Tukey multiple comparison test. The differences between the mean values for groups of chickens were considered significant when P < 0.05.
Results
E. faecium EF55 effectively colonised caecum; its count on the 4 th dpi was higher (P < 0.01) in EF group than in EFSE group.
Reduction of Salmonella counts (P < 0.05) was found in EFSE group compared with SE group on the 4 th dpi. Similarly, there was a decrease (P < 0.01) in enterococci in EFSE group in comparison with EF group on the 4 th dpi. The counts of enterococci in faeces were higher (P < 0.05) in EF group than in control birds on the 18 th dpi.
The tendency to increase the height of the duodenal and jejunal villi in EF group was found in both tissue samplings in comparison with the results obtained in the other groups. The difference (P < 0.05) was found in the jejunum of SE group compared to chickens of EF group on the 4 th dpi (Table 2 ). the differences were found between EF and SE groups (P < 0.001) in the villus parameter (Table 3) of both tissue collections in the jejunum. A decrease in jejunal villus parameter was found between EF and EFSE group (P < 0.05) in the first tissue collection. In the second one, the area of jejunal villi was smaller in SE group compared to that in chickens of EF group (P < 0.001) as well as to control chickens (P < 0.01).
In the first collection, the density of PCNA positive cells (Table 4 ) was lower (P < 0.01) in SE and higher (P < 0.001) in EF and EFSE groups than in control chickens. In the second collection, the number of positive cells was higher in EF and EFSE groups (P < 0.001) than in control and SE group (P < 0.001). Means ± SD with different superscript letters in the same line differ significantly at P < 0.05 a-b, P < 0.01 c-d, and P < 0.001 e-f Means ± SD with different superscript letters in the same column differ significantly at P < 0.05 a-b Means ± SD with different superscript letters in the same column differ significantly at P < 0.001 a-b, c-d, and P < 0.01 e-f
Discussion
E. faecium EF 55 is able to reduce the populations of pathogenic intestinal microflora, probably by its bacteriocin substance (14) . Inhibitory effect of E. faecium EF55 was demonstrated by reducing SE PT4 counts in the caecum. Influence of E. faecium EF55 on the intestinal microflora may result in decreasing bacterial impact on intestinal barrier, which in turn reduces the presence of toxins possibly associated with changes in intestinal morphology. Reduction phenomenon of pathogenic bacteria colonisation could be one of the causes of increasing intestinal proliferative activity in the intestine. In order to establish a firm relation between administration of E. faecium EF55 and proliferation of mucous epithelium we evaluated villus length and its absorption area. Administration of E. faecium EF55 in feed of non-infected birds resulted in an increase in the height of villi in jejunum on the 4 th dpi. Our finding is consistent with earlier reports demonstrating an increase in jejunal villi after application of probiotic microbiota, e.g. Lactobacillus spp. (1), Bacillus subtilis var. natto (16) , and Bifidobacterium termophilum (2) . On the other hand, administration of EF55 strain to chickens infected with S. Enteritidis did not influence the height of villi. Similar results in the current trial were obtained in the case of evaluation of jejunal villi area in chickens treated with E. faecium EF55. The beneficial effect on the villus area was observed in both samplings. The differences in the villus length and its area between the duodenum and jejunum support the importance of the jejunum as a site of nutrients digestion (5) . Moreover, in the current study, it has been well documented that an increase in villus length and surface area in all examined groups is agedependent.
On the basis of higher differences of both parameters among chicken groups in the jejunum in relation to the duodenum we have chosen to study proliferative activity in the jejunum. In chickens, this intestinal region also reveals higher mucosal turnover than the duodenum (11), indicating higher renewal of epithelial cells in this region in relation to other intestinal segments.
The current study showed increased frequency of proliferative activity of intestinal epithelial cells in chickens fed the diet supplemented with E. faecium EF55 and infected with SE. It suggests that E. faecium EF55 positively influenced the proliferation of enterocytes and can contribute to earlier regeneration of intestinal epithelium, which is in correlation with increased villus height and area in chickens of that group. Beneficial effect of E. faecium EF55 on integrity of intestinal mucus was also supported by a significant increase in proliferative activity of epithelial cells in the jejunum of non-infected birds; it was in correlation with increased villus height and area in chickens of that group. On the other hand, decreased proliferative activity of enterocytes in the chickens infected with Salmonella Enteritidis could be caused by inflammatory process and regressive changes, including cell death of intestinal epithelial cells (7) . Earlier it was reported that specific strains of probiotic microbiota produce short-chain fatty acids (6) . These acids contribute to the stimulation of proliferation of normal crypt cells, enhancing healthy tissue turnover and maintenance (10) . Many authors continue to discuss the effects of probiotic microbiota on integrity of the intestinal epithelium in chickens, e.g. the efficacy of excluding important pathogens such as Salmonella which has been highly variable (12) . Moreover, probiotic microbiota can improve performance when compared to the diets without antimicrobial growth promoters (3).
In conclusion, E. faecium EF55 with its antibacterial properties is able to increase absorptive surface of jejunal mucus and enterocyte proliferation along the jejunal villi. Beneficial effect of probiotic microbiota revealed improvement of intestinal architecture and tissue turnover in the jejunum in Salmonella-infected chickens. Further studies are needed to characterise the interactions between E. faecium EF55 influenced bacterial microflora and jejunal mucus.
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